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[57] ABSTRACT 

For a transmission having a forward drive train. a reverse 
drive train and a starting clutch. a control apparatus com 
prises a clutch control valve for setting a clutch control 
pressure to control the engagement of the starting clutch and 
a reverse inhibitor valve for opening and closing a line to a 
reverse drive actuator. When the clutch control pressure 
increases to a value above a predetermined value. the reverse 
inhibitor valve closes the line to the reverse drive actuator. 

For a transmission having drive and driven cylinders for 
controlling the speed ratio set by variable width drive and 
driven pulleys and a starting clutch for controlling power 
transmission; a control apparatus comprises a controller for 
judging whether or not a vehicle is in a predetermined 
normal forward driving mode (a driving condition which 
does not require a speed change or a rapid speed change). a 
clutch control valve for setting a clutch oontrol pressure to 
control the engagement of the starting clutch, and a high 
pressure control valve for setting a speed-ratio changing 
pressure which is supplied to the drive and driven cylinders. 
When the vehicle is judged by the controller as being in the 
predetermined normal forward driving mode, the high pres 
sure control valve corresponding to the clutch control pres 
sure sets the speed-ratio changing pressure to a pressure 
lower than the pressure set while the vehicle is not in the 
predetermined normal forward driving mode. 

13 Claims, 6 Drawing Sheets 
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CONTROL APPARATUS FOR 
TRANSMISSION 

FIELD OF THE INVENTION 

The present invention relates generally to a control appa 
ratus for a transmission. which is incorporated in vehicles. 
etc. and particularly to a control apparatus for a belt-type 
continuously variable transmission which has a starting 
clutch. 

BACKGROUND OF THE INVENTION 

Various types of transmission have been devised and 
incorporated into vehicles. For example. Japanese Patent 
Laid-open Publication No. 4-243634 proposes a belt-type 
continuously variable transmission which comprises drive 
and driven pulleys each having a variable pulley width. and 
a metallic V-belt trained therearound. The speed ratio of this 
transmission is variably controlled by adjusting the variable 
widths. to which the pitch diameters of the pulleys are 
variably proportional. 

In such transmission. a neutral condition is often required 
so that power transmission is allowed to switch on or off. For 
this purpose. a hydraulic starting clutch (hereinafter referred 
to simply as “starting clutc ”) is provided in the mechanism 
for transmitting power from the input shaft to the output 
shaft of the transmission. This starting clutch. whose engag 
ing force is being controlled. is capable of adjusting its 
torque-transmission capacity thereby regulating the ratio of 
torque transmission from the input member to the output 
member tl'l?‘COf. The torque-transmission capacity of the 
starting clutch is made smaller than the input torque while 
the vehicle is starting. thereby allowing some slippage in the 
clutch engagement so that the vehicle accelerates smoothly. 
On the other hand. the torque-transmission capacity is made 
larger than the input torque while the vehicle is running 
forward steadily. i.e.. driving at a relatively constant speed. 
thereby eliminating slippage in the clutching engagement so 
that all torque input can be transmitted to the output member 
for e?iciency. 

In the transmission disclosed in the above mentioned 
publication. control of the engaging force of the starting 
clutch is carried out through a starting clutch control pres 
sure generated by a clutch control valve (solenoid valve) in 
correspondence with the energizing current ?owing through 
the solenoid thereof. The maximum pressure of this starting 
clutch control pressure is ordinarily set at a pressure which 
is required for setting the torque-transmission capacity so 
large as to allow the maximum allowable torque input to the 
input member of the starting clutch to be transmitted fully to 
the output member without any slippage. 

Moreover. as automotive vehicles are required to be 
capable of reversing the drive directions forward or 
rearward. the above power transmission mechanism is pro 
vided with a forward chive train which transmits power from 
the input member to the output member in such a way that 
the output member rotates in a forward direction and a 
reverse drive train which transmits power in such a way that 
the output member rotates in the reverse direction. In the 
belt-type continuously variable transmission of the above 
disclosure. the forward and reverse drive trains are con 
structed with a planetary gear train. whose ring gear is 
?xedly held against rotation by a reverse drive actuator 
(reverse brake) when actuating the reverse drive train. 

This reverse drive hydraulic actuator is supplied with an 
actuating pressure when a manual valve. which is shifted 
manually by the driver between the positions for forward 
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drive and for reverse drive. is operated to the reverse drive 
position. As such. if the manual valve is mistakenly operated 
to the reverse drive position while the vehicle is driving 
forward. then smooth power transmission of the transmis 
sion will be interrupted or disturbed. In order to avoid such 
disturbance. for example. the system is arranged such that 
when the vehicle’s forward speed increases to a predeter 
mined value. the supply line of the actuating pressure to the 
reverse drive actuator becomes completely blocked even if 
the manual valve is operated into the reverse drive position. 
More speci?cally. when the vehicle reaches a certain speed. 
the hydraulic passage for supplying the actuating pressure to 
the reverse brake is blocked by the actuation of a solenoid 
valve provided as reverse inhibitor. whereby actuation of the 
reverse drive train is prevented while the vehicle is driving 
forward. 

This method of the above disclosure requires a solenoid 
valve whose only purpose is to prevent actuation of the 
reverse drive train while driving forward. This solenoid 
valve provided as such presents a few problems of design 
complication. The hydraulic circuit of the transmission 
becomes complex. thus raising production cost. This added 
solenoid valve also requires additional electrical circuits not 
only to control the actuation of the solenoid valve but also 
to energize the solenoid. thus complicating the electrical 
circuits as well. 
On the other hand. transmissions are often equipped with 

hydraulic speed-ratio changing means. and a speed-ratio 
changing pressure is supplied to this speed-ratio changing 
means for the purpose of adjusting the speed-ratio of the 
transmission. In the transmission of the above disclosure. a 
hydraulic cylinder (speed-ratio changing means) is provided 
in the axially movable member of each pulley so that 
controlled adjustment of the pulley widths is carried out by 
a pulley thrust pressure received in the cylinders for control 
of the speed ratio. Each cylinder selectively receives through 
a four-way valve a low pulley thrust control pressure or a 
high pulley thrust control pressure. The low pulley thrust 
control pressure is a minimal pressure required for power 
transmission without causing slippage between the belt and 
the pulleys. The high pulley thrust control pres sure 
(hereinafter this is also referred to as “speed-ratio changing 
pressure”). which is set greater than the low pulley thrust 
control pressure. is used for shifting the speed ratio. 

In this belt-type continuously variable transmission. one 
of the pulleys is supplied with the low pulley thrust control 
pressure and the other with a relatively high speed-ratio 
changing pressure while the vehicle is starting. requiring 
frequent changes in the speed ratio. or the vehicle is in 
kickdown. requiring rapid changing of the speed ratio. In 
these situations. the variable widths of the pulleys rapidly 
change. thereby changing the speed ratio rapidly. On the 
other hand. while the vehicle is driving forward at a rela 
tively constant speed. requiring little shift in the speed ratio. 
one of the pulleys is supplied with a speed-ratio changing 
pressure which is a little higher than the low pulley thrust 
conn'ol pressure. which is supplied to the other. such that 
deviations occurring in the speed ratio due to changes of the 
torque transmitted through the belt are corrected for the 
purpose of maintaining a constant speed ratio. 

While the vehicle is in normal forward driving mode 
without requiring a speed change or a rapid speed change. 
the above mentioned relatively high speed-ratio changing 
pressure is not required for the transmission. It is only 
necessary that the speed-ratio changing pressure be main 
tained at a pressure slightly higher than the low pulley thrust 
control pressure. In transmissions of the prior art. a rela 
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tively high speed-ratio changing pressure was generated 
even while the vehicle was in normal forward driving mode 
because design priority was given to rapid adjustment of the 
speed ratio required during the vehicle’s startup or kick 
down. This continuously generated relatively high speed 
ratio changing pressure required a constant high discharge 
pressure from the hydraulic pump. thus presenting a prob 
lem of power loss in the operation of the pump. 

It is desirable that the speed-ratio changing pressure be 
made as small as possible while the vehicle is in normal 
forward driving mode. whereby the discharge pressure 
required of the hydraulic pump be also set as small as 
possible. In this way. power loss can be reduced in the 
operation of the pump. As for methods of reducing the 
speed-ratio changing pressure while the vehicle is in normal 
forward driving mode. a solenoid valve can be provided. 
e.g.. speci?cally for reducing the speed-ratio changing 
pressure. or the previously mentioned solenoid valve as 
reverse inhibitor may be utilized for this purpose. 

However. these methods would complicate the circuit 
design of the transmission and present a problem of raising 
production cost. If a solenoid valve is added to the existing 
hydraulic circuit speci?cally for lowering the speed-ratio 
changing pressure or as reverse inhibitor. then design com 
plication will involve not only the hydraulic circuit but also 
the electric circuit. A circuit for controlling the actuation of 
the solenoid valve as well as a circuit for energizing the 
solenoid must be added to the existing electric circuit. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a control 
apparatus which insures inactivation of a reverse drive 
actuator of a transmission. while a vehicle is driving 
forward. without having a solenoid valve for reverse inhi 
bition. 

It is another object of the present invention to provide a 
speed-ratio control apparatus which is capable of lowering 
the speed-ratio changing pressure while a vehicle is in a 
normal forward driving mode so as to the opera 
tion loss of a hydraulic pump. without having a solenoid 
valve for this speci?c purpose. 

In order to achieve these objects. the present invention 
embodies a control apparatus comprising clutch pressure 
control means for setting a clutch control pressure to control 
the engagement of a starting clutch and open/close switching 
means (reverse inhibitor) for opening and closing a line to a 
reverse drive actuator. Thereby. when the clutch control 
pressure increases to a pressure above a predetermined 
value. the open/close switching means closes the line to the 
reverse drive actuator. 

In this control apparatus. the clutch control pressure. 
previously only used for engagement control of the starting 
clutch. is utilized for actuation of the open/close switching 
means. As a result. the control apparatus has a relatively 
simple hydraulic circuit design without including a solenoid 
valve for reverse inhibition. thus being cost etfective. 
Moreover. the reverse drive train of the transmission is 
securely prevented from actuation by the control apparatus 
with the open/close switching means. which closes the line 
to the reverse drive actuator when the clutch control pressure 
increases to the pressure above a predetermined value while 
the vehicle’s running forward. 
The above mentioned predetermined value is preferably 

set above the clutch control pressure which is required for 
the starting clutch to transmit the maximum torque input. 
from the input member to the output member (hereinafter 

15 

20 

25 

30 

35 

50 

55 

65 

4 
referred to as “maximum clutch torque control pressure"). 
Thereby. the torque transmission ratio of the starting clutch 
is fully controllable by variably setting the clutch control 
pressure to any pressure lower than the maximum clutch 
torque control pressure. If the clutch control pressure is set 
above the predetermined value. the supply of actuation 
pressure to the reverse actuator is securely blocked by the 
open/close switching means while the torque transmission 
ratio of the starting clutch is held at the maximum. capable 
of transmitting the input torque fully to the output member. 

In other words. while in the prior art. the starting clutch 
and the reverse inhibitor were independently controlled 
through control of energizing currents ?owing through the 
two solenoids: one for the clutch control valve and the other 
for the reverse inhibitor; in the present invention. the torque 
transmission ratio of the starting clutch and the actuation of 
the reverse inhibitor are controlled independently through 
control of only the energizing current of the solenoid which 
is used for the clutch control valve. 
The invention may also be incorporated into a transmis 

sion for use in a vehicle. the transmission comprising a 
power transmission mechanism for transmitting power from 
an input shaft to an output shaft through speed-ratio chang 
ing means which varies the speed ratio of the output shaft to 
the input shaft. shift control means for controlling the speed 
ratio established by the speed-ratio changing means. and a 
starting clutch provided in the power transmission mecha 
nism for controlling power transmission from the input shaft 
to the output shaft. In this transmission. a control apparatus 
comprises judging means which determines whether or not 
the vehicle is in a normal forward driving mode (eg.. driving 
condition not requiring a speed change or a rapid speed 
change). clutch pressure control means for setting a clutch 
control pressure to control the engagement of the starting 
clutch. and shift pressure setting means for setting a speed 
ratio changing pressure which is supplied to the shift control 
means. As such. when the vehicle is judged by the judging 
means as being in the predetermined normal forward driving 
mode. the shift pressure setting means corresponding to the 
clutch control pressure sets the speed-ratio changing pres 
sure to a pressure lower than the pressure set while the 
vehicle is not in the predetermined normal forward driving 
mode. 
The invention may further be incorporated into a belt-type 

continuously variable transmission comprising a variable 
width drive pulley connected to the input shaft of the 
transmission. a variable width driven pulley connected to the 
output shaft. a V-belt extended therearound. a drive cylinder 
for setting the pulley width of the variable width drive pulley 
and a driven cylinder for setting the pulley width of the 
variable width driven pulley. and a starting clutch for 
controlling power transmission provided in the power trans 
mission mechanism linking the input shaft to the output 
shaft. In this transmission. a control apparatus of the present 
invention comprises judging means which determines 
whether the vehicle is in a normal forward driving mode or 
not. thrust pressure setting means for setting a low pulley 
thrust control pressure and a high pulley thrust control 
pressure higher than the low pulley thrust control pressure. 
supply switching means for selectively supplying the low 
and high pulley thrust control pressures into the drive and 
driven cylinders. and clutch pressure control means for 
setting a clutch control pressure so as to control the engage 
ment of the starting clutch. When the vehicle is judged by 
the judging means as being in the predetermined normal 
forward driving mode. the thrust pressure setting means 
corresponding to the clutch control pressure sets the high 
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pulley thrust control pressure to a pressure lower than the 
pressure set at while the vehicle is not in the predetermined 
normal forward driving mode. 
As described above. in the control apparatus of the present 

invention. the shift pressure setting means (thrust pressure 
setting means) corresponding to the clutch control pressure. 
which controls the engagement of the starting clutch. lowers 
the shift control pressure (high pulley thrust control 
pressure) when the vehicle is in the normal forward driving 
mode. As such. it is not necessary for the control apparatus 
to be provided with a solenoid valve whose speci?c use is 
for lowering the pressure generated by the shift pressure 
setting means while the vehicle is in the normal forward 
driving mode. As a result. the design of the control apparatus 
is relatively simple. so the control apparatus can be produced 
at a comparatively low cost. 

Further scope of applicability of the present invention will 
become apparent from the detailed description given here 
inafter. However. it should be understood that the detailed 
description and speci?c examples. while indicating pre 
ferred embodiments of the invention. are given by way of 
illustration only. since various changes and modi?cations 
Within the spirit and scope of the invention will become 
apparent to those skilled in the art from this detailed descrip 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will become more fully understood 
from the detailed description given herein below and the 
accompanying drawings which are given by way of illus 
tration only and thus are not limitative of the present 
invention and wherein: 

FIG. 1 is a schematic view showing the construction of a 
V-belt-type continuously variable transmission having a 
control apparatus of the present invention; 

FIG. 2 is a hydraulic circuit diagram of a portion of the 
control apparatus; 

FIG. 3 is a hydraulic circuit diagram of a portion of the 
control apparatus; 

FIG. 4 is an enlarged view of a shift valve used in the 
control apparatus; 

FIG. 5 is a graph showing high and low pulley thrust 
control pressures set by the control apparatus; 

FIG. 6 is a graph showing the pressure dilference between 
the pressures discharged by the shift valve; and 

FIG. 7 is a graph showing starting clutch control pressures 
generated by the clutch control valve used in the control 
apparatus. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A belt-type continuously variable transmission CVT hav 
ing a control apparatus according to the present invention is 
schematically shown in FIG. 1. This belt-type continuously 
variable transmission CVT comprises a metallic V-belt 
mechanism 10 disposed between an input shaft 1 and a 
countershaft 2. a planetary-gear forward-reverse selector 
mechanism 20 disposed between the input shaft 1 and the 
drive pulley ll of the metallic V-belt mechanism 10. and a 
starting clutch 5 disposed between the countershaft 2 and a 
differential mechanism 8 as the output member. The trans 
mission CVT is suitable for use as a motor vehicle trans 
mission. The input shaft 1 is connected with the output shaft 
of an engine ENG through a coupling mechanism CP. The 
power transmitted to the differential mechanism 8 drives the 
right and left wheels (not shown). 
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6 
The metallic V-belt mechanism 10 comprises a drive 

pulley 11 mounted on the input shaft 1. the driven pulley 16 
mounted on the countershaft 2. and a metallic V-belt 15 
trained around the drive and driven pulleys 11 and 16. 
The drive pulley 11 comprises an axially ?xed pulley 

member 12 rotatably mounted on the input shaft 1. and a 
movable pulley member 13 axially slidable with respect to 
the ?xed pulley member 12. The movable pulley member 13 
has a cylinder chamber 14 de?ned axially laterally therein 
by a cylinder wall 12a coupled to the axially ?xed pulley 
member 12. A hydraulic pressure. i.e.. a pulley thrust 
pressure. supplied into the cylinder chamber 14 through a 
hydraulic passage 39a generates a lateral thrust force for 
sliding the movable pulley member 13 axially toward the 
?xed pulley member 12. 
The driven pulley 16 comprises a ?xed pulley member 17 

?xedly mounted on the countershaft 2. and a movable pulley 
member 18 axially slidable with respect to the ?xed pulley 
member 17. The movable pulley member 18 has a cylinder 
chamber 19 de?ned axially laterally therein by a cylinder 
wall 17a coupled to the ?xed pulley member 17. A hydraulic 
pressure. i.e.. a pulley thrust pressure. supplied into the 
cylinder chamber 19 through a hydraulic passage 39b gen 
erates a lateral thrust force for sliding the movable pulley 
member 18 axially toward the ?xed pulley member 17. 

Supply control of the pulley thrust pressures into the 
cylinder chambers 14 and 19 makes possible the control of 
the thrust forces for adjusting the variable widths of the 
pulleys 11 and 16 while avoiding slippage of the V-belt 15. 
These controllably adjustable widths. controlling the pitch 
diameters of the pulleys 11 and 16. allows for the mecha 
nism 10 to continuously vary the speed ratio of the trans 
mission. 

The planetary-gear forward-reverse selector mechanism 
20 comprises a sun gear 21 coaxially coupled to the input 
shaft 1. a carrier 22 coupled to the axially ?xed pulley 
member 12. a ring gear 23 which can be held against rotation 
by a reverse brake (a hydraulic actuator for reversing the 
drive) 27. and a forward clutch 25 capable of holding the sun 
gear 21 and the ring gear 23 together in rotation. When the 
forward clutch 25 is engaged. the sun gear 21. the planet 
gears on the carrier 22. and the ring gear 23 rotate in unison 
with the input shaft 1. As a result. the drive pulley 11 rotates 
in the same direction. i.e.. forward direction. as the input 
shaft 1. thereby establishing the power transmission for 
forward drive. When the reverse brake 27 is engaged. the 
ring gear 23 is held against rotation. As a result. the carrier 
22 is rotated in the direction opposite to that of the sun gear 
21. and the drive pulley 11 coupled with the carrier 22 
rotates in the direction opposite to that of the input shaft 1. 
i.e.. reverse direction. thereby establishing the power trans 
mission for reverse drive. 

The starting clutch 5 controls transmission of power from 
the countershaft 2 to the output member. When the starting 
clutch 5 is engaged and the engaging force thereof is 
controlled. the size of the torque transmitted from the 
countershaft 2 to the output member is controlled. When the 
starting clutch 5 is engaged. power from the engine ENG is 
transmitted from the countershaft 2 through meshing gears 
6a. 6b. 7a and 7b to the differential mechanism 8 at a speed 
ratio determined by the metallic V-belt mechanism 10. It is 
then divided and transmitted to the right and left wheels (not 
shown in the ?gure). When the starting clutch 5 is 
disengaged. the torque transmission is zero. When the trans 
mission is in this neutral condition. power from the engine 
is not transmitted at all. The operation of the starting clutch 
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5 is manipulated by a clutch control valve 75 in response to 
control signals sent from a controller 70. The clutch control 
valve 75 regulates the hydraulic pressure (starting clutch 
control pressure Psc) supplied to the starting clutch 5 
through passages 31a and 31b and thereby controls the 
operation thereof. The construction of the clutch control 
valve 75 will be described in detail later. 
The controller (judging means) 70 receives electric sig 

nals corresponding to the engine rotational speed Ne and the 
engine intake vacuum pressure PB from the engine control 
unit ECU which controls the operation of the engine ENG. 
In addition to these signals. it also receives a detection signal 
from the air-conditioner sensor 76 which detects whether the 
air-conditioner AC is operating or not. and a shift-range 
position signal ?om the shift-range detector 77 which 
detects the shift-range. based on the position of the shift 
lever ATP. In responding to these signals. the controller 70 
controls the above mentioned starting clutch 5 and a pulley 
thrust pressure valve unit 40 and a shift control valve unit 50. 
which will be described in the following. 

In addition. the controller 70 receives detection signals 
from the speed sensor 78 which detects the speed of the 
vehicle and the throttle sensor 79 which detects the degree 
of engine intake air throttling. Based on these detection 
signals from the speed sensor 78 and the throttle sensor 79. 
the controller 70 determines the vehicle’s driving condition. 
The pulley thrust pressures supplied into the drive and 

driven cylinder chambers 14 and 19 are controlled by the 
pulley thrust pressure valve unit 40 and the shift control 
valve unit 50 in response to control signals received from the 
controller 70. As shown in FIG. 2. the pulley thrust pressure 
valve unit 40 comprises a high pressure regulator valve 41. 
a low pressure regulator valve 43. a high/low pressure 
control valve 45. and a high pressure control valve 47. The 
shift control valve unit 50 comprises a shift control valve 51 
and a shift valve 53. The constructions of these valves will 
be described in detail in the following description of the 
control apparatus. 
The hydraulic circuit arrangements shown in FIGS. 2 and 

3 integrally make up a single hydraulic circuit when the ends 
of passages marked (1). (2). and (3) in FIGS. 2 and 3 are 
interconnected. The mark “X” in the ?gures indicates a 
connection point to the drainage of the circuit. 

Oil from a hydraulic pump 30 is supplied through a 
hydraulic passage 32 to the above mentioned high pressure 
regulator valve 41. It is also supplied through a hydraulic 
passage 36 to a reducing valve 58 to generate a line pressure 
PMOD. which has a substantially constant pressure. The line 
pressure PMOD is then supplied to the above mentioned 
high/low pressure control valve 45. shift control valve 51. 
clutch control valve 75. and a manual valve 61 through 
passages 37a. 37b. 31a. and 31e. 
The high/low pressure control valve 45 includes a linear 

solenoid 450. Control of the energizing current to the linear 
solenoid 45a enables control of the biasing force applied on 
the spool 45b. In correspondence with the biasing force 
applied on the spool. the high/low pressure control valve 45 
converts or adjusts the line pressure PMOD supplied through 
the passage 37a to a control back-pressure PHLC. The control 
back-pressure PHLC produced is then supplied through a 
passage 350 into the right-end chamber 43b of the low 
pressure regulator valve 43. thereby pushing the spool 43a 
thereof to the left. The control back-pressure PHLC is also 
supplied through a passage 35b into the right-end chamber 
47b of the high pressure control valve 47 and the first 
halfway chamber 470 next from the right end. The control 
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back-pressure Pl-[LC in the right-end chamber 47b pushes the 
spool 47a to the left, and the control back-pressure PHLC in 
the ?rst halfway chamber 470 pushes the spool 47a to the 
right. 
The high pressure regulator valve 41 converts or adjusts 

the pressure of oil supplied through the passage 32 from the 
pump 30. to a high pulley thrust control pressure PH. The 
high pulley thrust control pressure PH generated here is then 
supplied to the shift valve 53 through a passage 33a and also 
to the low pressure regulator valve 43 through a passage 
33b. Furthermore. the high pulley thrust control pressure PH 
is supplied to a passage 33c which branches from the 
passage 33a and connects to the left-end chamber 47d of the 
high pressure control valve 47. 
The second halfway chamber 47e of the high pressure 

control valve (shift pressure setting means) 47 is connected 
through a passage 66 to a reverse inhibitor valve 63. As such. 
the spool 47a of the high pressure control valve 47 is 
positionally controlled by the control back-pressure PHLC 
received in the right-end chamber 47b and ?rst halfway 
chamber 47c through the passage 35b and a second starting 
clutch control pressure P502. which will be described later. 
received in the second halfway chamber 47e through the 
passage 66. This positional control of the spool 47a enables 
the high pressure control valve 47 to adjust the high pulley 
thrust control pressure PH received through the pas sage 33c 
to a pressure which is supplied into the right-end chamber 
41b of the high pressure regulator valve 41 as back pressure. 
The low pressure regulator valve 43 converts or adjusts 

the high pulley thrust control pressure PH supplied through 
the passage 33b to a low pulley thrust control pressure PL in 
correspondence with the control back-pressure PHLC. The 
low pulley thrust control pressure PL is then supplied to the 
shift valve 53 through a passage 34 and passages 34a and 
34b. which are branched from the passage 34. 

FIG. 5 shows relationship between the control back 
pressure PHLC. which is produced by the high/low pressure 
control valve 45. and the high and low pulley thrust control 
pressures PH and PL. which are set by the high pressure 
regulator valve 41. high pressure control valve 47. and low 
pressure regulator valve 43. The high pulley thrust control 
pressure PH is switched between two pressures PH1 and 
PH2 in correspondence with thejudgment determined by the 
controller 70 on the driving condition of the vehicle. How 
this switching is carried out will be discussed later. The ?rst 
pulley thrust control pressure PH1 shown by the solid line in 
the graph is selected while the vehicle is judged by the 
controller 70 as starting up. requiring control of the speed 
ratio. or as in kickdown. requiring rapid change of the speed 
ratio. The second pulley thrust control pressure PH2 (<PH1) 
shown by the dotted line is selected while the vehicle is 
judge as in normal forward driving mode. requiring little 
control of the speed ratio (while only in forward drive as 
explained later). The low pulley thrust control pressure PL 
is a minimum pressure. when applied to the pulleys. which 
keeps the belt running without any slippage. 
The shift control valve 51 includes a linear solenoid 51a. 

Control of the energizing current through the linear solenoid 
51a makes the biasing force applied to the spool 51b 
controllable. As such. the line pressure PMoD supplied 
through the passage 37b to the shift control valve 51 is 
adjusted to a shift control pressure Psv in correspondence 
with the biasing force. Then. the shift control pressure Psv 
is supplied into the left-end chamber 53b of the shift valve 
53 through a passage 38. thereby pushing the spool 53a 
thereof to the right. 
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The shift valve 53 controls the delivery of the high and 
low pulley thrust control pressures PH and PL selectively 
into the drive and driven cylinder chambers 14 and 19 
through the passages 39a and 39b. corresponding to the 
position of the spool 53a. As shown in FIG. 4. the left end 
surface (pressure-receiving area A3) of the spool 53a 
receives the shift control pressure PSV. which works to push 
the spool 53a to the right. On the other hand. the right end 
surface (pressure-receiving area A1) of the spool 530 
receives the line pressure PMOD supplied through the pas 
sage 37c. which is branched from the passage 37b. whereby 
the spool 53a is pushed to the left. Furthermore. the right 
side mediate surface (pressure-receiving area A2) of the 
spool 53a receives the inside pressure of the drive cylinder 
chamber 14. Le. drive pulley thrust pressure PDR. through a 
drive pressure feedback passage 39c. which is branched 
from the passage 39a. whereby the spool 53a is pushed to 
the left. Moreover. the left-side mediate surface (pressure 
receiving area A2) of the spool 53a receives the inside 
pressure of the driven cylinder chamber 19. i.e. driven pulley 
thrust pressure PDN. through a driven pressure feedback 
passage 39d. which is branched from the passage 3%. 
whereby the spool 53a is pushed to the right. As a result. the 
spool 53a is shifted to the position where the force pushing 
the spool 53a to the left. i.e.. PMODXA1+PDR><A2. balances 
with the force pushing it to the right. i.e.. PsvxA3+PDN><A2. 

Here. an equation is given to describe the condition where 
both forces are balanced. 

Being modified. 

(1) 

As seen from the equation (2) and FIG. 6. the difference 
between the drive pulley thrust pressure PDR and driven 
pulley thrust pressure PDN. i.e.. AP=PDR—PDN. is propor 
tional to the shift control pressure Psv. Therefore. if either 
of the drive pulley thrust pressure PDR or the driven pulley 
thrust pressure PDN is set at the low pulley thrust control 
pressure PL. then the other can be set at a pressure which is 
the low pulley thrust control pressure PL plus a pressure 
increased proportionally to the shift control pressure Psv. 
The clutch control valve (clutch pressure control means) 

75 has a linear solenoid 750. Control of the energizing 
current to the linear solenoid 75a enables control of the 
biasing force working on the spool 75b. In correspondence 
with the biasing force so controlled. the line pressure PMOD 
supplied through the passage 31a is adjusted to generate the 
previously mentioned starting clutch control pressure Psc. 
which is discharged to the passage 31b and to a hydraulic 
passage 31c. which is branched from the passage 31b. The 
passage 31bis connected to the starting clutch 5. and the 
starting clutch control pressure PSC adjusts the engagement 
of the starting clutch 5. The passages 31c and 31d lead the 
starting clutch control pressure Psc into the left-end chambm' 
63b and the ?rst halfway chamber 63c of the reverse 
inhibitor valve 63. respectively. 
Now. as shown in FIG. 7. the starting clutch control 

pressure Psc generated by the clutch control valve 75 is 
proportional to the energizing current I provided to the linear 
solenoid 750 from the controller 70. For the purpose of 
applying the starting clutch control pressure Psc as a signal 
to initiate different functions in the system. a categorization 
is made so as to assign three pressure ranges to the starting 
clutch control pressure PSC: a ?rst starting clutch control 
pressure Pscl which ranges from zero to a maximum clutch 
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10 
torque control pressure Psc MAX for controlling the torque 
transmission ratio of the starting clutch 5; a second starting 
clutch control pressure PSC2 which occupies the range 
greater than an actuation-initiating pres sure PR (>PscMAX) 
which is greater than the maximum clutch torque control 
pressure PSCMAX and initiates the actuation of the reverse 
inhibitor valve 63; and a third starting clutch control pres 
sure Psc3 which occupies the range greater than PSCMAX 
but smaller than the actuation-initiating pressure PR. The 
?rst starting clutch control pressure Pscl is used for con 
trolling the engagement of the starting clutch 5. and the 
torque transmission ratio of the starting clutch 5 in engage 
ment is controlled in correspondence with the magnitude of 
the ?rst starting clutch control pressure Pscl. The torque 
transmission ratio of the starting clutch 5 is set such that 
when the starting clutch 5 receives the ?rst starting clutch 
control pressure PsCl equal to the maximum clutch torque 
control pressure PSCMAX. a maximum torque input on the 
input side is transmitted fully onto the output side without 
slippage in clutch engagement. 
The second starting clutch control pressure P502 is used 

for ?xing the torque transmission ratio of the starting clutch 
5 at the maximum and for controlling the actuation of the 
reverse inhibitor valve 63. The third starting clutch control 
pressure PsC3 is used only for ?xing the torque transmission 
ratio of the starting clutch 5 at the maximum. As such. the 
?rst starting clutch control pressure PSCl is applied while 
the condition of the vehicle is judged by the controller 70 as 
in starting mode (including forward start and reverse) or in 
a kickdown mode. The second starting clutch control pres 
sure P862 is applied while the condition of the vehicle is 
judged as in a normal forwmd driving mode. and the third 
starting clutch control pressure Psc3 is applied while the 
vehicle is judged as in a normal reverse driving mode. 
The manual valve 61 is connected to a shift lever provided 

at the driver’s seat (not shown) with a cable. When the shift 
lever is operated manually by the driver to one of the six 
positions P. R. N. D. S. and L. the spool 61a of the manual 
valve 61 is shifted correspondingly to one of the positions 
indicated in FIG. 3. which is showing the spool 61a at the 
N (neutral) position. The ?rst halfway chamber 61b pro 
vided in the right portion of the manual valve 61 is con 
nected to the forward clutch 25 through a passage 65. and the 
second halfway camber 610 provided in the left portion is 
connected to the reverse inhibitor valve 63 through a pas 
sage 67. This passage 67 is connected through the reverse 
inhibitor valve 63 to a passage 68 which is connected to the 
reverse brake 27. 
When the spool 61a of the manual valve 61 is at the P or 

N position. the passages 65 and 67 are connected to the 
drain. As a result. both forward clutch E and reverse brake 
27 are not actuated for engagement. When the spool 61a is 
at the D. S. or L position. the passage 67 is connected to the 
drain. and the passage 31c having the line pressure PMOD is 
connected with the pas sage 65. As a result. the reverse brake 
27 is not actuated. but the forward clutch 25 is actuated for 
engagement. Furthermore. when the spool 61a is at the R 
position. the passage 65 is connected to the drain. and the 
passage 31c having the line pressure PMOD is connected with 
the passage 67. As a result. the forward clutch 25 is not 
actuated for engagement. but the reverse brake 27 is actuated 
either for engagement or disengagement in relation with the 
operation of the reverse inhibitor valve 63. which will be 
described next. 
The line pressure PMOD is supplied into the right-end 

chamber 63d of the reverse inhibitor valve (open/close 
switching means) 63 through the passage 370 to push the 
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spool 63a to the left. When the ?rst starting clutch control 
pressure Pscl or third starting clutch control pressure PSC3 
is supplied into the left-end chamber 63b of the reverse 
inhibitor valve 63 (Le. the vehicle is in start up. kickdown. 
or normal reverse). the spool 63a is positioned at the left 
stroke end. and the passages 67 and 68 are connected to each 
other. Therefore. when the spool 61a of the manual valve 61 
is at the R position. i.e.. the passages 31c and 67 are 
connected with each other. the reverse brake 27 is actuated 
for engagement. Furthermore. when the spool 63a of the 
reverse inhibitor valve 63 is positioned at the left stoke end. 
the passage 66 connecting the reverse inhibitor valve 63 to 
the second halfway chamber 47 e of the high pres sure control 
valve 47 is connected to the drain. 
On the other hand. when the second starting clutch control 

pressure Psc2 is supplied into the left-end chamber 63b of 
the reverse inhibitor valve 63 (i.e.. the vehicle is in normal 
forward driving mode). the spool 63a is positioned at the 
right stroke end. As a result. ?uid communication of the 
passages 67 and 68 is blocked. and the passage 68 is 
connected to the drain. In this condition. even if the spool 
61a of the manual valve 61 is mistakenly shifted to the “R” 
position. the reverse brake 27 will not actuate for 
engagement. thereby preventing switching the transmission 
to the reverse drive train while the vehicle is in normal 
forward driving mode. 

Moreover. when the spool 63a is at the right stroke end. 
the passages 66 and 31d are connected with each other. and 
the second starting clutch control pressure P802 is supplied 
into the second halfway chamber 47e of the high pressure 
control valve 47. As a result. the thrust working on the spool 
47a rightward is increased. thereby. in turn. reducing the 
back pressure supplied into the right-end chamber 41b of the 
high pressure regulator valve 41. As a result. the high pulley 
thrust control pressure PH generated by the high pressure 
regulator valve 41 is switched from the ?rst high pulley 
thrust control pressure Pl-Il. which is generated to meet the 
need of frequent speed-ratio adjustment while the vehicle is 
starting. to the second high pulley thrust control pressure 
PH2. which is generated at a pressure substantially smaller 
than the ?rst high pulley thrust control pressure PHI. only 
to satisfy the need of less frequent speed-ratio adjustment 
while the vehicle is in normal forward driving mode. As a 
result. the load of the oil pump 30 is reduced corresponding 
to this pressure reduction. whereby the fuel e?iciency is 
improved as the engine runs with less of a load. 
With the control system. which is constructed as 

described above. the vehicle is capable of driving while the 
starting clutch 5 and the forward clutch 25 or the reverse 
brake 27 are engaged. In addition. with the spool 53a of the 
shift valve 53 positionally controlled through control of the 
shift control pressure Psv. the pressures supplied into the 
cylinder chambers 14 and 19 are controlled so as to control 
the speed ratio of the transmission. 

In the above embodiment. the clutch control pressure 
(second starting clutch control pressure Psc2) is utilized as 
pressure for reducing the high pulley thrust control pressure. 
However. the pressure to be used for making a reduction in 
the high pulley trust control pressure is not limited to the 
clutch control pressure in the control apparatus of the 
present invention. For example. the line pressure PMOD may 
be applied instead. 

Also. in the above embodiment. the reverse inhibitor 
valve 63 is actuated by the second starting clutch control 
pressure PSCZ. which is generated by the clutch control 
valve 75. while the vehicle is in normal forward driving 
mode. without any consideration of the vehicle's speed. 
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Instead. the clutch control valve 75 may be controlled to 
generate the second starting clutch control pressure PSC2. 
for example. only when the speed of the vehicle. which is 
detected by the speed sensor 78. is above a predetermined 
value. 

Furthermore. in the above embodiment. the control appa 
ratus of the present invention is described as applied to a 
belt-type continuously variable transmission. However. it 
can be applied to other transmissions as well. 
The invention being thus described. it will be obvious that 

the same may be varied in many ways. Such variations are 
not to be regarded as a departure from the spirit and scope 
of the invention. and all such modi?cations as would be 
obvious to one skilled in the art are intended to be included 
within the scope of the following claims. 
What is claimed is: 
1. A control apparatus for a transmission having speed 

ratio changing means. a shift control actuator for controlling 
the actuation of said speed-ratio changing means. and a 
starting clutch for controlling power transmission through 
said transmission; said shift control actuator and said start 
ing clutch each being actuated by a supply of a hydraulic 
pressure; 

wherein the pressure which acmates said starting clutch is 
also applied for actuation control of said shift control 
actuator when said pressure is above a predetermined 
value which is higher than a pressure required for a 
power-transmission control carried out by said starting 
clutch. and said predetermined value being set above a 
clutch control pressure required for said starting clutch 
to transmit a maximum torque through the transmis 
S1011. 

2. The control apparatus as set forth in claim 1 further 
including: 

a power transmission mechanism having a forward drive 
train and a reverse drive train provided in parallel; said 
forward drive train transmitting power from an input 
shaft to an output shaft of said transmission such that 
said output shaft rotates in a forward direction. and said 
reverse drive train transmitting power from said input 
shaft to said output shaft such that said output shaft 
rotates in a reverse direction; 

said starting clutch being is provided in said power 
transmission mechanism and controlling power trans 
mission from said input shaft to said output shaft; 

a reverse drive actuator for allowing the power transmis 
sion through said reverse drive train. said reverse drive 
actuator being actuated by a supply of a hydraulic 
pressure; 

clutch pressure control means for setting a clutch control 
pressure to control the engagement of said starling 
clutch; and 

open/close switching means for opening and closing a line 
through which the pressure actuating said reverse drive 
actuator is supplied; 

wherein when said clutch control pressure is equal to or 
higher than said predetermined value. said open/close 
switching means closes said line supplying the pressure 
to said reverse drive actuator. 

3. The control apparatus as set forth in claim 2 further 
including: 

a forward drive actuator for allowing the power transmis 
sion through said forward drive train. said forward 
drive actuator being actuated by a supply of a hydraulic 
pressure; and 

a manual valve which is operated in correspondence with 
the operation of a shift lever manipulated by a driver; 
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wherein when said manual valve is operated for forward rotates in a forward direction. and said reverse drive 
drive. a pressure is supplied to said forward drive train transmitting power from said input shaft to said 
actuator through said manual valve; and output shaft such that said output shaft rotates in the 

wherein when said manual valve is operated for reverse revel-S6 dl-recfuoni and further mclf'dmg: 
drivc_ a pressure is Supplied to said reverse drive 5 a reverse drive actuator for allowing the power trans 
acmatol, through Said manual valve and own/close mission through said reverse drive train. said reverse 
switching mcalm respe ctiv 61y. drlve actuator being actuated by a supply of a 

4. The control apparatus as set forth in claim 3 wherein: hydraulic pressure; and 
_ D ‘ _ open/close switching means for opening and closing a 

said open/close switching means comprises an open/close _ _ _ _ _ line through which the pressure actuating said 
switching valve which 15 actuated by said clutch control 10 revel-Sc drive actuator is supplied; 
pressure; and wherein when said clutch control pressure is equal to or 

said open/close switching valve closes said line supplying higher than said predetermined value. said open/ 
the pressure to said reverse drive actuator when said close switching means closes said line supplying the 
clutch control pressure rises above the pressure PICS-511W to said l'?vel'se dIiVc actuator and Supplies a 
required for said starting clutch to transmit a maximum 15 lowering Prcssurc for l‘ifwcrilfg said speed-"E50 
torque from the input shaft changrng pressure to said shift pressure setting 

means. 5. The control apparatus as set forth in claim 4 whtrein: 
said clutch pressure control means sets said clutch control 

pressure at a pressure above the pressure required for 
said starting clutch to transmit the maximum torque 
from the input shaft only when said manual valve is 
positioned for forward drive; and 

wherein said line supplying the pressure to said reverse 
drive actuator is kept blocked even when said shift 25 
lever is operated for reverse drive during the vehicle’s 
running forward. 

6. A control apparatus for a transmission having speed 
ratio changing means. a shift control actuator for controlling 
the actuation of said speed-ratio changing means. and a 30 
starting clutch for controlling power transmission through 
said transmission; said shift control actuator and said start 
ing clutch each being actuated by a supply of a hydraulic 
pressure; further including; 

a power transmission mechanism which transmits power 35 
from an input shaft to an output shaft thereof; 

shift control means for controlling said speed-ratio chang 
ing means. said shift control means being actuated by 
a supply of a hydraulic pressure; 

a starting clutch which controls power transmission from 40 
said input shaft to said output shaft; 

judging means which determines whether the vehicle is in 
a nonnal forward driving mode or not; 

clutch pressure control means for setting a clutch control 
pressure to control the engagement of said starting 
clutch; and 

shift pressure setting means for setting a speed-ratio 
changing pressure which is supplied to said shift con 
trol means; 50 

wherein the pressure which actuates said starting clutch is 

8. The control apparatus as set forth in claim 6 wherein: 
said speed-ratio changing means includes a belt-type 

20 continuously variable transmission comprising a vari 
able width drive pulley connected to said input shaft. a 
variable width driven pulley connected to said output 
shaft. and a V-belt extended around said drive pulley 
and said driven pulley; 

said shift control means comprises a drive cylinder for 
setting a pulley thrust force in said variable width drive 
pulley and a driven cylinder for setting a pulley thrust 
force in said variable width driven pulley; and further 
including: 
thrust pressure setting means for setting a low pulley 

thrust control pressure and a high pulley thrust 
control pressure higher than said low pulley thrust 
control pressure; and 

supply switching means for selectively supplying said 
low and high pulley thrust control pressures into said 
drive and driven cylinders; 

wherein when the vehicle is judged by said judging 
means as being in the normal forward driving mode. 
said thrust pressure setting means corresponding to 
said clutch control pressure lowers said high pulley 
thrust control pressure. 

9. The control apparatus as set forth in claim 8 wherein: 
said power transmission mechanism has a forward drive 

train and a reverse drive train provided in parallel; said 
forward drive train transmitting power from said input 

45 shaft to said output shaft such that said output shaft 
rotates in a forward direction. and said reverse drive 
train transmitting power ?'om said input shaft to said 
output shaft such that said output shaft rotates in the 
reverse direction; and further including: 
a reverse drive actuator for allowing the power trans 

mission through said reverse drive train. said reverse 
also applied for actuation control of said shift control 
actuator when said pressure is above a predetermined 
value which is higher than a pressure required for a 

drive actuator being actuated by a supply of a 
hydraulic pressure; and 

open/close switching means for opening and closing a 
power-transmission control carried out by said starting 55 line through which the pressure actuating said 
Clutch; and reverse drive actuator is supplied; 

wherein when the vehicle is judged by saidjudging means wherein when said clutch control pressure is equal to or 
as being in the normal forward driving mode. said shift higher than said predetermined value. said open] 
pressure setting means corresponding to said clutch close switching means closes said line supplying the 
control pressure sets said speed-ratio changing pressure 60 pressure to said reverse drive actuator and supplies a 
to a pressure lower than the pressure set while the lowering pressure for lowering said high pulley 
vehicle is not in the normal forward driving mode. thrust control pressure to said thrust pressure setting 

7. The control apparatus as set forth in claim 6 wherein: means. 
said power transmission mechanism has a forward drive 10. The control apparatus as set forth in claim 9 wherein: 

train and a reverse drive train provided in parallel; said 65 said open/close switching means comprises an open/close 
forward drive train transmitting power from said input 
shaft to said output shaft such that said output shaft 

switching valve which is actuated by said clutch control 
pressure; and 



5,674,150 
1 5 

said open/close switching valve closes said line supplying 
the pressure to said reverse drive actuator and delivers 
said lowering pressure to said thrust pressure setting 
means when said clutch control pressure rises above the 
pressure required for said starting clutch to transmit a 
maximum torque from the input shaft 

11. The control apparatus as set forth in claim 10 wherein 
said lowering pressure is said clutch control pressure. 

16 
12. The control apparatus as set forth in claim 6 wherein 

said normal forward driving mode includes a driving con 
dition which does not require a speed change or a rapid 
speed change. 

13. The control apparatus as set forth in claim 6. wherein 
said predetermined value is set above the clutch pressure 
required for said starting clutch to transmit a maximum 
torque from the input shaft. 

***** 
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